Introduction
============

The term nodular gastritis (NG) is being increasingly used in endoscopic practice; however, it is not included in the Sydney classification, and, therefore, there is no widely accepted histopathological definition of NG. In research studies, nodular antral gastritis is defined as gastritis with endoscopic findings that include a nodular or diffuse miliary pattern of small elevations in gastric mucosa, observed mainly in the antrum and occasionally extending to the whole stomach body. Several studies have reported that the presence of antral nodularity is highly predictive of Helicobacter pylori (H. pylori) infection.[@b1-tcrm-13-009]--[@b3-tcrm-13-009]

Although many studies have defined the macroscopic features of NG, very few have described the histological findings of this disease.[@b4-tcrm-13-009] The characteristic most frequently associated with NG is follicular lymphoid hyperplasia with intraepithelial lymphocytosis. Nevertheless, an exact definition of the histological findings of NG has never been proposed. This limitation may be caused by the lack of an acceptable definition of the histopathological findings; therefore, the confusing definitions used and lack of standardization between studies have prevented the establishment of cause--effect relationships and of the endoscopic definition of nodularity.

It has been observed that treatment of H. pylori reduces the presence of NG in the mucosa.[@b5-tcrm-13-009] This hints at the idea that, despite the lack of a histopathological definition, this therapeutic association may be sufficient to consider the nodular pattern as a clinical manifestation of H. pylori infection. However, there is no consensus regarding whether the presence of endoscopic findings of NG can be regarded as sufficient evidence to administer treatment for H. pylori without a histopathological analysis.

The aim of this study was to determine the diagnostic accuracy of NG for H. pylori infection after a rigorous standardization process and to describe the most important histopathological characteristics associated with this endoscopic finding.

Methods
=======

Data collection
---------------

This cross-sectional study was performed at the Medica Sur Clinic & Foundation, Mexico City, from January 2011 to January 2012. Endoscopic images were collected from studies of patients with upper gastrointestinal symptoms who were \>18 years. Endoscopic results were required to include images of the gastric antrum and a histopathological report of the presence or absence of H. pylori. Studies that included endoscopic images with a low definition of the gastric antrum and histopathological reports without a description of the presence or absence of H. pylori were excluded from this study.

Endoscopic studies were performed using a Q180 apparatus from Olympus Medical Systems (Center Valley, PA, USA). Biopsy sampling was performed using standard forceps according to the updated Sydney System classification and grading of gastritis. Biopsies were evaluated for H. pylori infection in the pathology department of the same institution; pathologists were blinded to the endoscopy results.

The study was approved by the Medica Sur Clinic & Foundation ethics committee and performed in accordance with the Declaration of Helsinki. All patients signed an informed consent form.

Data analysis
-------------

A database was created containing endoscopic images and histopathological reports after erasing patient and endoscopist information to maintain confidentiality. The image database was distributed among six different gastroenterologists who had specialized training in therapeutic endoscopy. They were blinded to the clinical characteristics and the histopathological reports. A handbook was attached to the database in which the endoscopists recorded the conclusions of their analyses of the images by answering in a dichotomous (Yes/No) modality whether the image corresponded to a Ratable Image, a Normal Image, or a Nodular Image.

The image analysis was performed sequentially in three rounds by the six endoscopists. The first assessment of images was designed to assess the interobserver variability among endoscopists, whereas the second analysis aimed to evaluate the intraobserver variability. After these evaluations, images that received 100% agreement between endoscopists regarding nodularity and non-nodularity were used as a training set. A third analysis was performed to evaluate the interobserver variability after training ([Figure 1](#f1-tcrm-13-009){ref-type="fig"}).

Kappa values of \<0, 0.01--0.20, 0.21--0.40, 0.41--0.60, 0.61--0.80, and 0.81--1.00 corresponded to poor, slight, fair, moderate, good, and very good agreement, respectively. The agreement between observers was calculated using Fleiss' kappa for multiraters. The analyses were performed using online statistical calculators.[@b6-tcrm-13-009],[@b7-tcrm-13-009]

The pre- and post-training data provided by the six endoscopists were analyzed to calculate the sensitivity, specificity, negative likelihood ratio, and positive likelihood ratio regarding the diagnostic accuracy of NG.

After the sequential analysis, a correlation analysis between endoscopic and histopathological findings regarding the presence of NG and H. pylori was performed using only the images on which all endoscopists agreed about the presence or absence of NG (the training set of images).

Results
=======

Initially, 2,609 endoscopic studies that had pathology reports and endoscopy images were recruited into the study; however, only 917 studies met the inclusion criteria.

In the first evaluation, which was aimed at assessing the interobserver variability, a poor Fleiss' kappa value of 0.078 was obtained. In contrast, in the second analysis, which was aimed at evaluating intraobserver variability, a good Fleiss' kappa for each endoscopist was obtained ([Table 1](#t1-tcrm-13-009){ref-type="table"}).

The standardized training image set consisted of eight images that were considered by the six endoscopists to be images with a nodular pattern and seven images that were considered to be non-nodular images. In the third analysis, which aimed to evaluate interobserver variability, a good agreement was obtained, as the Fleiss' kappa improved to a value of 0.42 ([Table 1](#t1-tcrm-13-009){ref-type="table"}).

The sensitivity, specificity, and positive and negative likelihood ratios for the diagnosis of NG were calculated among the six endoscopists: the comparison between the pre- and post-training values showed better sensitivity and an unchanged specificity after training ([Table 2](#t2-tcrm-13-009){ref-type="table"}).

Histopathological findings were compared between images of the training set with nodularity and non-nodularity. With regard to images with nodularity, 85% of the corresponding biopsies had germinal follicles; H. pylori concentration was considered moderate to intense with no gastric metaplasia, with the exception of one biopsy that had focal metaplasia. Histological atrophy was found in only one biopsy with antral nodularity, which corresponds to the definition of metaplasia. All of the nodular images of the antrum had histopathological findings of chronic follicular gastritis associated with H. pylori, with moderate to abundant bacilli. In contrast, with regard to the images without nodularity, 87% of the corresponding biopsies had no germinal follicles, with the exception of a biopsy with a low concentration of H. pylori. None of the biopsies showed intestinal metaplasia ([Table 3](#t3-tcrm-13-009){ref-type="table"}). According to the histopathological reports, 87% of the biopsies exhibited mild to moderate chemical (reactive) gastritis, which is commonly associated to non-infectious gastritis (usually related to chronic bile reflux or non-steroidal anti-inflammatory drug intake; uremic gastropathy; non-infectious granulomatous gastritis; lymphocytic gastritis, including gastritis associated with celiac disease; eosinophilic gastritis; radiation injury to the stomach; graft-versus-host disease; ischemic gastritis; and gastritis secondary to chemotherapy).[@b8-tcrm-13-009] Only one biopsy without nodularity showed no chemical gastritis, although it was classified as with chronic follicular gastritis and presence of H. pylori ([Figure 2](#f2-tcrm-13-009){ref-type="fig"}).

Discussion
==========

In this study, poor interobserver agreement between endoscopists before training was observed, but agreement improved substantially after they undertook training with regard to the nature of nodularity. Conversely, an association between NG and H. pylori was observed, which was confirmed after a rigorous standardization process.

This was the first study with a rigorous methodological design that evaluated the interobserver agreement and assessed the effect of the standardization process. The association between endoscopic and histopathological findings may have diagnostic and therapeutic implications when evaluated properly.

The first endoscopic findings for NG reported in the literature were described as "goose-like flesh" by Miyagawa et al.[@b9-tcrm-13-009] In 1996, Dixon et al updated the classification of the Sydney System and described the follicles as aggregates of lymphoid germinal centers that are typical of H. pylori infection, without regarding NG as an entity, perhaps because of the histopathological view that the nature of lymphoid follicles in a *Helicobacter*-negative case suggests that the organisms have been missed (either overlooked or not present because of sampling errors), or that the infection has been cleared. If large or irregularly shaped lymphoid follicles are noted, or if large portions of the mucosa are occupied by a dense population of lymphocytes, the possibility of a mucosa-associated lymphoid tissue lymphoma should be considered.[@b10-tcrm-13-009]

Accordingly, it appears that the nodularity corresponds to germinal follicles and lymphocytic aggregates in the gastric mucosa, predominantly in the antral region. This endoscopic and histopathological association had been described previously by Sokmensuer et al.[@b11-tcrm-13-009] Recently, Hayashi et al evaluated the endoscopic presence of gastric yellowish-white nodules in patients using narrow banding image and magnification and found an association with H. pylori infection.[@b12-tcrm-13-009]

Dwivedi et al evaluated the endoscopic and histological characteristics before and after eradication of H. pylori in patients with NG findings. The observed histopathological features of H. pylori infection, such as lymphoid aggregates, eosinophilia, atrophy, and intestinal metaplasia, improved significantly after therapy compared with the control group of patients; a regression of the nodularity in 90% of patients with H. pylori eradication was also observed.[@b5-tcrm-13-009]

As is known, endoscopic classifications require validation and comparison by several observers to standardize findings, which have not been explored to date for NG; interobserver agreement was found to be poor before training but improved after training.

After analyzing 917 images with and without nodularity in the first evaluation, the interobserver agreement was poor: a negative kappa value was obtained, which is a poorer agreement compared with randomness. Therefore, the intraobserver agreement was evaluated in the second assessment, where we found a good kappa value (0.61--0.80) for each of the endoscopists. The evaluation of the effect of the intervention (post-training evaluation) revealed the presence of a substantial improvement in the interobserver agreement, with kappa reaching a reasonable level. These kappa values are comparable to those found in the classification of esophagitis of Los Angeles,[@b13-tcrm-13-009] and with those obtained by modifying the classification for the diagnosis of eosinophilic esophagitis.[@b14-tcrm-13-009]

The findings of this study are important because NG has been considered a sine qua non condition of infection with H. pylori. Unfortunately, previous reports in which the diagnosis of NG was established by one endoscopist were not sufficiently precise with regard to their conclusions. However, the agreement among several endoscopists about the presence of NG is highly suggestive of follicular gastritis with a moderate amount of H. pylori.

The limitations of this study included the lack of an analysis related to the effect of the eradication treatment for H. pylori and the limited number of cases analyzed here compared with other mono-observer series.

Conclusion
==========

In conclusion, when establishing a diagnosis of NG, poor interobserver agreement was noted, which improved substantially after training. The endoscopic diagnosis of NG based on agreement among several observers is associated with H. pylori infection.

The study was funded by the Medica Sur Clinic & Foundation.
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![Flowchart of evaluations.\
**Abbreviation:** H. pylori, Helicobacter pylori.](tcrm-13-009Fig1){#f1-tcrm-13-009}

![Endoscopic and histological correlation in patients with nodularity and non-nodularity images.\
**Notes:** (**A**) Follicular gastritis: low power view of gastric mucosa that shows a moderate inflammatory infiltrate and two lymphoid follicles with secondary germinal centers in the lamina propria. Moreover, the superficial portion of the lamina propria shows dilated superficial capillary vessels (H&E, ×50). (**B**) Follicular gastritis: higher magnification of a lymphoid follicle that presents a well-defined mantle zone and a secondary germinal center, which shows macrophages with apoptotic bodies (H&E, ×50). (**C**) Mild chronic gastritis: low power view of gastric mucosa that shows a mild inflammatory infiltrate and dilated superficial capillary vessels in the lamina propria. The mucosa architecture is slightly abnormal (H&E, ×50). (**D**) Mild chronic gastritis: higher magnification of gastric mucosa that shows dilated superficial capillary vessels and a mild inflammatory infiltrate in the lamina propria (arrows) (H&E, ×250).\
**Abbreviation:** H&E, hematoxylin and eosin.](tcrm-13-009Fig2){#f2-tcrm-13-009}

###### 

Fleiss' kappa for pre- and post-training evaluations

  Evaluation                  Fleiss' kappa                                       
  --------------------------- --------------- -------- -------- -------- -------- --------
  1st evaluation              0.078                                               
  Interobserver variability                                                       
                                                                                  
                              **E1**          **E2**   **E3**   **E4**   **E5**   **E6**
                                                                                  
  2nd evaluation              0.624           −0.265   0.712    0.779    0.818    0.866
  Intraobserver variability                                                       
  3rd evaluation              0.424                                               
  Interobserver variability                                                       

**Abbreviation:** E, endoscopist.

###### 

Diagnostic accuracy of nodular gastritis pre- and post-training

  Calculated values   E1 (95% CI)         E2 (95% CI)         E3 (95% CI)          E4 (95% CI)         E5 (95% CI)          E6 (95% CI)
  ------------------- ------------------- ------------------- -------------------- ------------------- -------------------- -------------------
  **Pre-training**                                                                                                          
  Sen                 0.77 (0.73--0.82)   0.29 (0.24--0.34)   0.03 (0.01--0.05)    0.06 (0.04--0.09)   0.31 (0.25--0.36)    0.13 (0.09--0.16)
  Spe                 0.27 (0.23--0.31)   0.78 (0.74--0.82)   0.99 (0.98--1.00)    0.98 (0.97--0.99)   0.78 (0.74--0.82)    0.88 (0.85--0.91)
  PLR                 0.44 (0.4--0.47)    0.49 (0.42--0.55)   0.73 (0.51--0.96)    0.72 (0.56--0.87)   0.50 (0.43--0.57)    0.43 (0.34--0.53)
  NLR                 0.62 (0.55--0.68)   0.6 (0.57--0.64)    0.58 (0.55--0.62)    0.6 (0.56--0.63)    0.61 (0.57--0.65)    0.58 (0.54--0.61)
  **Post-training**                                                                                                         
  Sen                 0.13 (0.10--0.17)   0.19 (0.12--0.27)   0.57 (0.29--0.81)    0.67 (0.48--0.82)   0.50 (0.40--0.60)    0.46 (0.33--0.60)
  Spe                 0.55 (0.46--0.63)   0.17 (0.13--0.21)   0.98 (0.97--0.99)    0.86 (0.82--0.89)   0.79 (0.74--0.82)    0.85 (0.81--0.88)
  PLR                 0.30 (0.21--0.42)   0.23 (0.16--0.33)   53.1 (19.8--141.9)   4.89 (3.50--6.84)   2.41 (1.82--3.182)   3.07 (2.12--4.45)
  NLR                 1.56 (1.47--1.64)   4.68 (4.17--5.25)   0.43 (0.23--0.79)    0.37 (0.22--0.62)   0.62 (0.51--0.76)    0.63 (0.49--0.81)

**Abbreviations:** E, endoscopist; CI, confidence interval; Sen, sensitivity; Spe, specificity; PLR, positive likelihood ratio; NLR, negative likelihood ratio.

###### 

Pathological findings in patients with nodularity and non-nodularity on endoscopic images

  Nodularity   Non-nodularity                                                  
  ------------ ---------------- ----- ------------- ---- --- ----- ---- ------ ----
  1            Yes              +++   Intense       No   1   No    −    --     No
  2            No               −     No activity   No   2   No    −    --     No
  3            Yes              +++   Intense       No   3   No    −    --     No
  4            Yes              ++    Moderate      No   4   No    −    --     No
  5            Yes              ++    Mild          No   5   No    −    --     No
  6            Yes              \+    Intense       No   6   No    −    --     No
  7            Yes              +++   Intense       No   7   No    −    --     No
                                                         8   Yes   \+   Mild   No

**Abbreviation:** H. pylori, Helicobacter pylori.
